The Terebowiec stream is an 8 km long watercourse which flows through the strictly protected Bieszczady National Park. The studies on bentic diatoms were conducted between 2013-2015 at three sampling sites along the Terebowiec stream and its unnamed tributary. 260 diatom taxa were identified in the streams, of which 13 taxa were considered as frequent. Chemical analysis showed good and high status of the water. In the studied samples, 27 taxa from the Polish Red List of Algae were determined.
INTRODUCTION
The natural value of the Bieszczady National Park mean it is mentioned in world literature as being among the most interesting European parks. Its attractiveness stems, among others, from the occurrence of numerous herbivorous and predatory mammals, birds of prey, natural ecosystems of Carpathian forests and subalpine meadows with interesting east-Carpathian vegetation. The best known group of plants within the Bieszczady National Park are vascular plants [Zemanek 1991 , Winnicki, Zemanek 2009 ]. Research was also carried out on mosses [Żarnowiec 2010 ], liverworts [Klama 2013 ], lichens, fungi and mycetozoa -an overview of the most important literature on these groups of organisms was presented by Winnicki and Zemanek in "Nature in the Bieszczady National Park" [Winnicki, Zemanek 2009 ].
Algae in the Bieszczady National Park, including diatoms, are very poorly known. Preliminary research on algae was conducted by Wołowski [2011] in the "Wołosate" peat bog (focused mainly on Euglenids) and by Żelazna-Wieczorek [2012] in the sources and upper sections of the River San (diatoms). The first study of diatoms in the River San (below the "Solina" and "Myczkowce" reservoirs) was carried out in connection with the massive growth of Didymosphenia geminata (Lyngbye) M. Schmidt [Kawecka, Sanecki 2003 ].
In 2010-2011 diatom assemblages in the Wołosaty stream within the San Valley Landscape Park were studied and used to assess water quality via a diatom index [Noga et al. 2014b] .
Research has been conducted on diatom assemblages within the catchment area of the Wołosaty stream since 2013 including in the Terebowiec stream. The aim of this study was to investigate diatom diversity in the Terebowiec stream and its tributary.
STUDY AREA
The Bieszczady National Park is located in the Western Bieszczady, named the "High Bieszczady" by geomorphologists. This area belongs to the Outer Carpathians, built of Carpathian flysch belonging to two structural units -the
DIVERSITY OF DIATOMS IN THE NATURAL, MID-FOREST TEREBOWIEC STREAM -BIESZCZADY NATIONAL PARK
Teresa Noga 1 Dukla Nappe and the Silesian Nappe. The rock material from which these formations are built from sedimentary rocks such as sandstones and siltstones, and less commonly marl and conglomerates. Their staggered arrangement in layers of different thicknesses creates the Carpathian flysch. The Bieszczady National Park lies on the border of two climate floors: moderately cold (650 -1075 m.a.s.l.) and cool (above 1075 m.a.s.l.). The amount of rainfall varies between 1100 and 1200 mm [Klimaszewski, Starkel 1972 , Winnicki, Zemanek 2009 ].
The Terebowiec stream valley is located in the highest and best-preserved south-eastern part of the Bieszczady National Park, in the Western Bieszczady. The sources of the stream are located on the northern slopes of Tarniczka peak, at an altitude of 1225 m.a.s.l. 
METHODS
Studies were conducted in 2013-2015 on the Terebowiec stream (two sampling sites) and one small, nameless tributary (one sampling site) - Fig. 1 .
Samples were collected in September 2013 only from one, estuary site at Terebowiec stream -sampling site number two. In May and October October 2015 samples were collected  from three sampling sites (two on the Terebowiec stream and one on tributary) . Samples were taken from all available habitats, such as stones and aquatic macrophytes (mainly from mosses and algae from the Cladophora genus).
Water pH, electrolytic conductivity, temperature and dissolved oxygen were measured in situ. Water for chemical analysis in the laboratory was taken at the same time. Chemical analyses were performed using a Thermo scientific DIONEX ICS-5000+DC device in the Departmental Laboratory of Analysis of Environmental Health and Materials of Agricultural Origin at the University of Rzeszów.
Collected samples were preserved in a 4% solution of formalin. Laboratory processing of diatoms was carried out applying methods used by Kawecka [1980] and Noga et al. [2014a] . In order to obtain pure valves of diatoms, part of the obtained material was digested in a chromic acid cleaning mixture and then washed in a centrifuge (2500 rpm). Diatoms were mounted in resin Pleurax (refractive index 1.75).
Diatoms were identified under a Carl Zeiss Axio Imager.A2 light microscope (LM) with a Plan Apochromatic objective ×100 with differentia interference contrast (DIC) for oil immersion. The identification was supported by the following references: Krammer, Lange-Bertalot [1986, 1988, 1991a Species composition of the samples was determined through counting specimens on randomly selected fields of view under light microscope. The number of valves counted was 400. Species with a content above 5% in a given assemblage were defined as abundant (Fig. 3) .
Analysis of the structure of diatom communities was conducted using OMNIDIA software (version 4.2, database no. 2015a) to determine the ecological status of the water. The software contains an ecological and taxonomic database of diatoms and their bioindication values. The water quality of the stream was assessed based on three diatom indices, for which the range of classes of water quality and the corresponding ecological status was taken according to Żelazowski et 
RESULTS
The studied streams were alkaline, most frequently close to a pH level of 8. Only in one season, in September 2013, was the pH level near to circumneutral (pH=6.4). At all sampling sites the water was highly saturated in oxygen and was characterized by low or average values of electrolytic conductivity (86-246 µS cm -1 ). Also, the values of other studied chemical parameters were repeatedly below the limit of quantification (i.e. (Table 1 ). In studies conducted in 2013-2015, a total of 260 diatom taxa from 57 genera were recorded. The most taxa were recorded from the genera Nitzschia (25) , Navicula (23) and Gomphonema (17) . Also frequent were Stauroneis (12), Achnanthidium and Pinnularia (11 taxa each). At two sampling sites on the Terebowiec stream 227 diatom taxa were found (123 taxa at site number one and 202 taxa at site number two). On the Terebowiec tributary, 166 taxa were found in total at one sampling site ( Table 2 ). The highest Shannon-Wiener diversity index (H') values were recorded on the Terebowiec stream in all sampling seasons (Table 3) .
13 diatom taxa were considered as frequent, from which the most (10 taxa) were recorded at site number three, i.e. on the Terebowiec tributary. At all sampling sites Achnanthidium pyrenaicum and Diatoma ehrenbergii f. capitullata were frequent species. The most numerous populations were composed of Achnanthidium pyrenaicum, reaching more than a 90% share in the assemblage at site number one on the Terebowiec stream in Autumn. Diatoma ehrenbergii f. capitullata was the most numerous in the Spring season, reaching more than a 50% share in the assemblage at site number one. Species from the genera Cocconeis and Planothidium were frequent only on the Terebowiec tributary. In the Spring season on the Terebowiec tributary Diatoma mesodon and Meridion circulare var. circulare, whereas in the Autumn season Achnanthidium minutissimum var. minutissimum were frequent (Fig. 3) .
Statistical analysis performed with Canoco software based on the PCA method were separate out sampling site number three, which is located on tributary of the Terebowiec. Differences between sampling seasons are observed only among sampling sites designated on the Terebow- (Table 3 ).
In the studied samples, 27 diatom taxa were recorded from the Polish Red List of Algae [Siemińska et al. 2006] . This represents over 10% of the total number of identified taxa. Five taxa were found from the E category -endangered: Encyonema gauemanii (Meister) Krammer, Neidium alpinum Hust., Pinnularia schoenfelderi Krammer, P. subrupestris Krammer and Sellaphora pseudopupula (Krasske) Lange-Bert. Many rare diatom taxa were found from the Navicula genus: Navicula medioconvexa Hust., Navicula moskalii Metzeltin, Witkowski & LangeBert., Navicula oppugnata Hust. and Navicula splendicula Van Landingham.
DISCUSSION
Waters of streams and rivers of the upper San basin are relatively clean. However, a large influx of tourists during the summer months in the Bieszczady area means streams have an increased concentration of nitrogen and phosphates. Water pollution is causing adverse changes in the streams of the most value, and most at risk include the Wołosatka, Rzeczyca and Terebowiec [Kukuła 2002 ]. During the tourist season (mainly in May, July, August) in Wołosate village there are elevated levels of phosphate, ammonium and biochemical oxygen demand (BOD), primarily in the Wołosatka stream, but also to a lesser extent in the Wołosaty, Dębowiec and Rzeczyca streams [Kukuła, Szczęsny 2000] . In 2009-2010 research on benthic macrofauna was conducted on the Wołosatka, Wołosaty, Rzeczyca and Terebowiec streams.
The physicochemical parameters of water also showed elevated values of phosphorus, ammonium, BOD (especially in the summer months), and as such classify the water below a II class of chemical status [Galas et al. 2014] .
Most of the physicochemical parameters in the waters of the Terebowiec stream and its tribu- The main dominant species in each period of study at both studied sites in the Terebowiec stream was Achnanthidium pyrenaicum (Hust.) Kobayasi. In Autumn, the number of the species often exceeds 90% participation in the assemblage. It is a species that has optimum occurrence in oligo-and mesotrophic, calcium-rich waters flowing in mountainous regions and highlands [Hofmann et al. 2011 ]. According to Hofmann [1994] it is a tolerant species, which prefers alkaline water with a pH >7. In south-eastern Poland it develops in large numbers in many rivers and streams, as one of the most common diatoms [Noga 2012; Noga et al. 2013b; 2014a, b] . Research conducted by Potapowa [2006] in rivers and streams in north-western Russia showed that A. pyrenaicum also frequently develops there and is often the dominant species. Similarly, other species develop numerously -Diatoma ehrenbergii Kütz. has an optimum occurrence in the mountain standing and flowing waters, rich in calcium, wherein it often develops massively [Hofmann et al. 2011; Bąk et al. 2012] . At the sites in the Terebowiec stream, D. ehrenbergii f. capitulata (Grunow) Lange-Bert. developed in the spring season in large numbers. It seems that it has a similar occurrence and ecology to D. ehrenbergii because they co-occur together, although D. ehrenbergii f. capitulata created much more numerous populations. In the tributary of the Terebowiec numerously developed species were from the genera Cocconeis (C. placentula var. euglypta, C. placentula var. lineata and C. pseudolineata) and Planothidium (P. frequentissimum and P. lanceolatum). All varieties of C. placentula are epiphitic taxa and in some places develop massively, however environmental requirements and the presence of C. pseudolineta are inaccurately understood, probably it prefers water with an average or higher content of electrolytes and trophy. Because the Terebowiec tributary was numerously developed by green algae, mainly from the genus Cladophora and in places by mosses, so epiphitic diatom species found here favorable conditions for growing. Both species of the genus Planothidium have broad ecological amplitude and develop with great stability in all types of flowing water [Hofmann et al. 2011 , Bąk et al. 2012 . In the spring numerous populations of Meridion circulare var. circulare were observed, a species which also develops with high stability in various types of water, as well as Diatoma mesodon -a species frequently observed in low-electrolyte and oligo-mesotrophic waters [Hofmann et al. 2011 , Bąk et al. 2012 ]. In Podkarpacie these species are common, but many populations are very rarely observed, usually in the upper reaches of streams and mainly in the spring season [Noga, Siry 2010] .
The biological assessment of the water quality of the Terebowiec stream and its tributary was carried out with use of OMNIDIA software [Lecointe et al. 1993] . For the analysis, the SPI, GDI, TDI and %PT indices were used, which are the most commonly applied in monitoring studies in Poland [Żelazowski et . The study using diatomaceous indices showed that the Terebowiec stream and its tributary are characterized by good or high ecological status on the basis of the SPI and GDI indices, and the trophic status determined by the TDI index indicates mostly eutophy or mesotrophy. The SPI [Coste in CEMAGREF 1982] and the GDI indices [Coste, Ayphassorho 1991] shows better water quality compared to the TDI index, which determines the degree of the trophic state of water [Kelly, Whitton 1995] . The %PT values were very low (1.1-5.2%) and pointed to the waters being free of organic pollutants. The possibility of organic pollutants and the risk of eutrophication is viewed only when the participation is greater than 20% PT [Kelly, Whitton 1995; Kelly et al. 2001] . The SPI and GDI indices showed similar values in all study seasons, while the TDI index had a worse state of trophy in Autumn. The River San had a better trophic state, on the section under the mouth of the Wołosaty stream into the River San, in the territory of the San Valley Landscape Park [Noga et al. 2014b ]. Also, analysis using the statistical method of PCA split position on Terebowiec stream into a two groups (separately spring season and autumn seasons). The Terebowiec tributary is also characterized by lower trophy, and it was distinguished by a separate group in the PCA analysis.
Despite the fact that most of the chemical parameters of the Terebowiec stream indicate very good water quality, diatoms growing in Autumn seasons react to even a slight increase in the fertility of the examined water (nitrate and ammonium ions were always slightly higher in Autumn), which can be related to the increased temperature, lower level of waters and tourist traffic during the summer. It manifests itself mainly via a reduction of the trophic status of studied waters, but the value of the % PT index is very low and shows no risks of eutrophication.
